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DISTRIBUTED NETWORK REPEATER 
MODULE AND METHOD 

Cross-reference is made to US. patent application Ser. 
No. 09/321,066, pending, of Mackay ?led May 27, 1999 for 
“DISTRIBUTED NETWORK REPEATER SYSTEM”; 
US. patent application Ser. No. 09/330,478, pending, of 
Mackay, ParamesWaran, TWiss and Covaro for “CABLE 
DETECT AND EMI REDUCTION APPARATUS AND 
METHOD”, ?led on even date herewith; US. patent appli 
cation Ser. No. 09/330,434, now US. Pat. No. 6,272,019, of 
William EdWards, Frederick Schindler and Robert TWiss for 
“CLOSELY-POSITIONED MULTIPLE GBIC 
CONNECTORS”, ?led on even date hereWith, and US. 
patent application Ser. No. 29/106,266, noW Design Pat. No. 
D422,828, of TWiss, Van Nguyen, Wood and Huang for 
“REPEATER MODULE”, ?led on even date hereWith, all 
incorporated herein by reference. 

The present invention relates to a method and apparatus 
for a computer netWork repeater and in particular to a 
repeater system Which provides discrete distributed mod 
ules. 

BACKGROUND INFORMATION 

Repeaters provided in computer or other networks, such 
as local area netWorks (LAN), Wide area netWorks (WAN), 
telecommunications netWorks and the like, have typically 
been provided in monolithic or nondistributed fashion such 
as providing a single chassis or cabinet for a repeater to 
Which the various signal sources/destinations are coupled 
eg via cables and the like. This con?guration can be 
problematic When the space Which is available for accom 
modating netWork equipment is limited and/or costly 
because the monolithic or undistributed repeater device Will 
typically occupy a contiguous and relatively large portion of 
such space. The problem is exacerbated by the fact that 
repeaters (especially high-bandWidth repeaters such as 
repeaters con?gured for a bandWidth of 1 gigabit per second 
or more) are typically provided in substantially non-modular 
form, eg are available in a relatively feW siZes (both in 
terms of physical siZe and the number of ports or connec 
tions supported). In such situations, it is impossible or 
infeasible for a user to be able to obtain a repeater of 
substantially the currently-required siZe. Typically, the user 
must employ a repeater Which may be substantially larger 
and/or support more ports or connections, than actually 
required. Thus, the non-modular nature of typical repeaters 
means that more resources (both spatial and ?nancial) are 
consumed, than necessary to achieve the required repeater 
functionality. 

Another dif?culty associated With the non-modular nature 
of previous repeaters is the inability to be readily recon?g 
ured to accommodate changing conditions. For example, 
there may be netWork installations in Which it Would be 
desirable to facilitate expansion of the netWork eg as the 
number of users increases or other conditions change and/or 
to remove or isolate certain netWork components in other 
types of conditions. HoWever, monolithic-type repeaters are 
included in one or a feW discrete siZes on an “all or nothing” 

basis. Thus, in a typical situation, a netWork may be con 
?gured With a repeater Which is over-siZed for current 
conditions, in anticipation of later groWth, or as a result of 
user shrinkage. 

Although it is desired to reduce the in?exibility in other 
disadvantageous aspects associated With undistributed and/ 
or non-modular repeaters, it is preferred that such reduction 
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2 
in in?exibility should not entail an undue increase in the 
burden of installing, con?guring or administering a netWork. 
Accordingly, it Would be useful to provide a distributed 
and/or modular, preferably high bandWidth, repeater in 
Which some or all features associated With installing, 
con?guring, maintaining or administering the netWork are 
performed substantially automatically such as by automati 
cally sensing installation or removal of repeater modules or 
module connections. In this regard, “automatically” means 
substantially Without the need for manual, human con?gu 
ration or installation steps (such as setting sWitches and the 
like). 

For example, preferably repeater modules are readily 
installed or connected (eg by cables) by the end user in a 
relatively simple “plug in” fashion Without the need for 
additional manipulation, such that the modules and/or asso 
ciated circuitry sense the insertion, coupling or removal and 
perform appropriate con?guration operations. Accordingly, 
it Would be useful to provide a (preferably high-bandWidth) 
netWork repeater Which is substantially distributed and/or 
modular in nature. 

Yet another disadvantageous aspect of nondistributed or 
non-modular repeaters is that malfunctioning or failed units 
cannot be readily isolated and/or replaced. Accordingly, it 
Would be useful to provide a netWork repeater having a 
plurality of modules such that a failed or malfunctioning 
module can be readily detected, isolated, removed and/or 
replaced. 
NetWork devices, including repeaters or components 

thereof, may operate in various states such as normal oper 
ating mode, standby mode, and the like. In some cases, such 
devices or components may be in an “error” or non 
operating state. For most ef?cient implementation, it Would 
be desirable to provide indicators such as light indicators or 
other indicators Which can provide information regarding 
the state of a device or component, preferably readily 
perceivable When the device or component is in its normal 
operating position, and preferably in a relatively cost 
ef?cient fashion. 
Many components of a repeater generate signi?cant 

amounts of heat Which, if not properly distributed and 
dissipated, can lead to malfunction and/or damage. Certain 
repeater devices and/or components thereof, can generate 
electromagnetic signals Which, if permitted to propagate, 
e.g. beyond the perimeter of the device, can lead to unde 
sirable or impermissible levels of electromagnetic interfer 
ence (EMI). Accordingly, it Would be useful to provide 
repeater devices or components in Which generation of heat 
and/or electromagnetic signals is properly handled, con 
trolled or restricted. It Would be particularly advantageous to 
handle generation of heat and/or electromagnetic signals in 
a cost ef?cient manner, such as by including one or more 
devices of components Which are useful for handling both 
heat and electromagnetic signals. 
A number of communication systems provide some or all 

data in packetiZed form. In the time domain, data packets are 
typically separated from one another by a time period 
referred to as the inter-packet gap (IPG). In at least some 
systems, some or all of the IPG is used for (at least some) 
processing overhead and other purposes, eg to accommo 
date variability betWeen nodes and the netWork. Thus, there 
is a potential for loss of data or other problems if the IPG 
becomes too short. Accordingly, it Would be desirable to 
provide a netWork repeater Which can substantially avoid or 
reduce the probability of IPGs Which are too short. 

SUMMARY OF THE INVENTION 

At least aspects of the present invention include a recog 
nition of problems in previous approaches, including prob 
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lems as described herein. According to an aspect of the 
invention, a repeater is provided Which is distributed in 
nature. “Repeater,” as used in the following, can include a 
device, function or process Which may, in some 
circumstances, provide full-duplex communication (e.g. 
bypassing the repeater core) or may otherWise differ from 
prior usages of “repeater.” In one aspect the repeater func 
tion is performed by the combined operation of tWo or more, 
repeater modules Which are spaced from one another and 
coupled together eg via cables. In one embodiment, dif 
ferent modules of the repeater may be housed in different 
netWork sWitches. For example, a computer netWork may 
include a plurality of sWitch boxes or chassis, typically all 
mounted in one or more racks, often adjacent one another 
With the sWitches being coupled to netWork nodes such as 
personal computers, Work stations and the like. In one 
embodiment, tWo or more, in some cases, all, of the sWitches 
include one or more regions for receiving repeater modules, 
With the repeater modules in different sWitches being 
coupled to one another by cables and the like. Preferably, at 
least some aspects of system con?guration are performed 
automatically. 

According to one aspect, each of a plurality of repeater 
modules provides a light pipe for conveying module indi 
cator light information to a position readily visible in the 
normal module operating location, such as visible When 
vieWing a sWitch front panel. Preferably the light pipe is 
integrally formed With (formed as part of) a module case or 
shell. 

According to one feature, a member is coupled to a 
repeater module printed circuit board (PCB) in such a 
fashion as to receive and/or convey heat generated by PCB 
components and/or certain electromagnetic radiation (and 
preferably, both heat and electromagnetic radiation). The 
member preferably forms all or part of a substantially 
electrically conductive and thermally conductive shell or 
shield around all or a portion of a forWard (proximal) region 
of a repeater module. In one embodiment, a system of vents 
in a repeater module case provides air ?oW for dissipating 
heat. 

According to one aspect, the repeater is con?gured to 
avoid reductions in the siZe of the IPG betWeen pairs of 
packets by identifying certain invalid or “collision” symbols 
and forWarding the packet Without causing doWnstream 
modules to increase packet length at the expense of the IPG. 
A repeater, useable for connecting sWitches in a data 

communication netWork, is provided in a distributed and/or 
modular fashion. The repeater includes a plurality of sepa 
rate and distinct components or modules connected to or at 
least partially housed in, the various sWitches Which the 
repeater modules couple. The distributed and/or modular 
repeater facilitates accommodating various sWitching or 
repeater needs as a netWork groWs or contracts. Alight pipe, 
preferably integral With a module case, conveys indicator 
lights to a position visible When vieWing a sWitch front 
panel. A heat spreader unit receives and/or conveys heat 
and/or protects against undue EMI. A collision-handling 
state machine transmits modi?ed collision fragments so as to 
avoid reduction in interpacket gaps, eg by doWnstream 
repeater modules. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram depicting a plurality of personal 
computers coupled to a sWitch according to previous 
approaches; 

FIG. 2 is a block diagram depicting a plurality of sWitches 
coupled to a repeater according to previous approaches; 
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4 
FIGS. 3A—C are block diagrams depicting components of 

netWorks With a plurality of sWitches, each including a 
repeater module, With repeater modules coupled according 
to embodiments of the present invention; 

FIGS. 4A and B are block diagrams of systems as 
depicted in FIG. 3 but con?gured to permit full duplex 
operation; 

FIGS. 5A through 5G are perspective, front elevational, 
top plan, left side elevational, bottom plan, right side eleva 
tional and rear elevational vieWs of a repeater module 
according to an embodiment of the present invention; 

FIG. 6 is an exploded bottom perspective vieW of a 
module according to an embodiment of the present inven 
tion; 

FIG. 7 is a perspective, partially cross-sectional vieW of 
the module of FIG. 5A taken along line 7—7 of FIG. 5A; 

FIG. 8 is a perspective vieW, partially exploded, of a 
sWitch and repeater module according to an embodiment of 
the present invention; 

FIG. 9 is a longitudinal cross-section taken along line 
7—7 of FIG. 5A; 

FIG. 10 is a timing diagram illustrating an interpacket 
gap; 

FIGS. 11A and 11B are lateral cross-sectional vieWs taken 
through light pipes according to embodiments of the present 
invention; 

FIG. 12 is a block diagram of a circuit board useable in 
connection With an embodiment of the present invention; 

FIG. 13 is a block diagram of an application speci?c 
integrated circuit (ASIC) useful in connection With an 
embodiment of the present invention; 

FIG. 14 is a side elevational vieW of a heat shield 
according to an embodiment of the present invention; 

FIG. 15 is a How chart of a procedure resulting in output 
of a modi?ed collision fragment, according to an embodi 
ment of the present invention; and 

FIG. 16 is a How chart of a portion of a collision handing 
procedure. 

DETAILED DESCRIPTION 

As depicted in FIG. 1, a common con?guration of pre 
vious netWorks included a sWitch 112 having a plurality of 
ports 114a, b, m, p coupled to a variety of netWork nodes, 
illustrated, in FIG. 1, by personal computers (PCs) 116a,b,m. 
Nodes can include a variety of items including printers, 
scanners and the like. Depending, at least in part, on the type 
of netWork implemented, the connections can be Way of 
cables 118a,b,m, such as coaxial cables, tWisted pairs, opti 
cal ?ber, or one or more Wireless links and the like. Often, 
netWorks are con?gured to effectively place limits on the 
length of the node-connecting cables 118a,b,m and 
accordingly, in many con?gurations, the sWitch 112 must be 
positioned Within a predetermined distance from the nodes 
116a,b,m. When it is desired to also include nodes posi 
tioned beyond such distance, commonly one or more addi 
tional sWitches 122 are placed in a remote location, often 
coupled by a link such as an optical ?ber link 124. In the 
con?guration depicted in FIG. 1, sWitch 112 has a relatively 
large number of ports 114a through 114p. In some 
con?gurations, as depicted in FIG. 2, sWitch functionality is 
provided by using a plurality of smaller sWitch components 
212a,b,c,e each With its oWn set of node-connecting ports 
214a, b, c, m coupled eg by coaxial or other cable 218a, 
b,c,m to PCs or other nodes 216a,b,c,m. Although the 
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present invention can be used in connection With a plurality 
of different con?gurations of sWitches or other netWork 
components, in at least some systems, each of the sWitches 
212a,b,c,e may have, for example, 12 or 24 10/100 ports 
214a, b, c, m. Commonly, the sWitches 212a,b,c,e are 
substantially identical to one another and housed in separate 
boxes or chassis, such as 1RU form factor chassis, often 
mounted in a rack or cabinet 226. Even though, in the 
con?guration depicted in FIG. 2, the sWitch functionality is 
provided by a plurality of individual sWitches 212a,b,c,e, it 
generally facilitates con?guration and system administration 
if the plurality of sWitches 212a,b,c,e can operate substan 
tially as if it Were a single sWitch (similar to sWitch 112 
shoWn in FIG. 1). ToWard this end, in the con?guration of 
FIG. 2, each of the sWitches 212a,b,c,e is coupled, e.g., via 
cable 228a,b,c,e to ports 232a,b,c,e of a repeater 234. In 
general, the repeater receives, from each sWitch 212a,b,c,e, 
the information or signals (eg the signals received at the 
node ports 214 of each respective sWitch) and transmits, 
preferably broadcasts, these signals or information to all of 
the other coupled sWitches. Typical repeaters Were con?g 
ured to strive for accuracy in repeating the signals and, 
typically, changes or modi?cations to the signals Were 
avoided. 

In the con?guration as shoWn in FIG. 2, the repeater 234 
is a monolithic (undistributed) repeater, typically housed in 
a single chassis or box separate from, but relatively close to, 
the sWitch boxes 212a,b,c,e. The repeater 234 has a prede 
termined number of ports 232a,b,c,e,m. And in general, 
repeaters Were typically available in a relatively small 
number of discrete siZes such that systems often Were 
provided With someWhat over-siZed repeaters, both in terms 
of the number of ports 232 and the physical siZe of the 
repeater box or chassis 234, Which Was typically related to 
the number of ports 232. Thus, as shoWn in FIG. 2, often 
there Were multiple unused ports (e.g. 232m) in a repeater 
234 for a given system, e.g., in order to provide for possible 
future expansion or as a result of doWnsiZing from a larger 
previous netWork. Commonly, there are costs associated 
With the space required to accommodate netWork compo 
nents such as sWitches and/or repeaters and, accordingly, 
many previous systems, due to the undistributed and non 
modular nature of typical repeaters, essentially required 
netWorks to be con?gured to occupy more physical space 
than Was minimally necessary for the currently-needed 
netWork functions. Thus, in many previous systems, the 
repeater 234 occupied an unnecessarily large space Within 
the rack or cabinet 226, Wiring closet, or similar space. 

According to one embodiment of the invention, generally 
as illustrated in FIGS. 3, 4 and 8, a repeater, preferably a 
high bandWidth (such as one gigabit per second or more) 
repeater is provided in a distributed and/or modular form. By 
“distributed” it is meant that the repeater is made up of, or 
includes, a plurality of separate, distinct and spaced-apart 
components. Preferably the distributed repeater components 
are accommodated in a plurality of a sWitch chassis or boxes 
312a,b,c,e. By distributing the repeater components into the 
various sWitch chassis 312a,b,c,e, it is no longer necessary 
to provide a separate repeater chassis or box 234 of the type 
depicted in FIG. 2 and thus there is no need to provide 
separate space in a cabinet, rack 326 Wiring closet or similar 
space to accommodate such a separate chassis or blocks. The 
components of the distributed repeater Will occupy a certain 
amount of space or volume Within the various sWitch chassis 
312a,b,c,e; hoWever, in the distributed repeater of at least 
some embodiments of the present invention, the cumulative 
amount of space Which the repeater components occupy 
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Within the sWitch boxes is less than the volume of previous 
separate repeater boxes or chassis 234 (eg because of the 
ability to eliminate certain inef?ciencies of space usage in 
both sWitch boxes and repeater boxes and at least partially 
as a result of the modular nature of the distributed repeater, 
in at least some embodiments). 
By “modular,” is meant that the distributed repeater 

includes a plurality of preferably similar or substantially 
identical repeater modules Which can be added or removed 
to increment, or decrement, preferably With relatively small 
granularity, the repeater functionality, so as to substantially 
match the amount of repeater functionality that is provided, 
to the amount of repeater functionality that is needed (eg to 
avoid a situation such as that depicted in FIG. 2 in Which the 
repeater 234 has substantially more port capability 234m 
than needed to provide repeater functions for the depicted 
sWitches.) In one embodiment, repeater modules are siZed 
(both physically and in terms of function) to provide 
repeater functions With respect to a particular sWitch 312a, 
b,c,e in Which the repeater module may be positioned. 
Preferably, the sWitches 312a,b,c,e may be populated With 
repeater modules 342a,b,c,e such that the total repeater 
functionality cumulatively provided by the repeater modules 
342a,b,c,e is matched by the repeater needs presented by 
sWitches 312a,b,c,e. Thus, if it Were desired to increase the 
siZe of the netWork, eg by adding an additional sWitch, such 
additional sWitch could be populated With appropriate 
repeater modules so that the entire system Would still retain 
the proper amount of total repeater functionality for the total 
number of sWitches. Similarly, When it is desired to doWn 
siZe the netWork, removal of a sWitch chassis or box, along 
With the repeater modules populating such sWitch, results in 
a doWnsiZed netWork sWitching capacity Which is still 
properly matched to the cumulative repeater capability pro 
vided by the remaining repeater modules. 

In one embodiment, the system permits a variety of 
different stacking or other architectures, depending on hoW 
the modules and cables are connected. For example, in one 
con?guration, the system can be con?gured to provide a 1 
Gigabit per second (Gbps) independent stack bus (through 
standard Gigabit Ethernet connections), eg as depicted in 
FIG. 3A, alloWing a number of (in one embodiment, up to 
at least nine) sWitches to be stacked and managed through a 
single IP address. In another embodiment, the system pro 
vides support for a redundant loopback connection 349, eg 
using secondary repeater modules 313a,b in the top and 
bottom sWitches, as illustrated in FIG. 3B. In another 
con?guration, a repeater module in each sWitch can be 
coupled to high bandWidth (e. g. gigabit) Ethernet sWitch 317 
(FIG. 3C) forming a high-performance point-to-point 
con?guration, to deliver eg 2 Gbps full duplex bandWidth 
betWeen the high bandWidth Ethernet sWitch 317 and each 
sWitch 312a, b, c Which is connected via the repeater 
modules. In one con?guration, a number (eg up to eight, or 
more) sWitches can be aggregated in a Gigabit Ethernet star 
topology. In one embodiment, a pair of sWitches can be 
coupled to provide a full-duplex con?guration, as illustrated 
in FIG. 4A (and as described more thoroughly beloW). In one 
embodiment, by employing a secondary repeater module 
413 in at least one sWitch, 412b, tWo or more full-duplex 
connections can be provided, as illustrated in FIG. 4B. 

In one embodiment, the system is con?gured to facilitate 
adding or removing repeater modules, as needed or desired, 
preferably by coupling or uncoupling cables and/or 
modules, preferably Without the need for any additional 
setting of sWitches or other con?guration or manipulations, 
and preferably involving access only to the sWitch boxes’ 
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front panels. In at least some embodiments of the present 
invention, adding or removing repeater modules is facili 
tated by automatic detection of con?gurations or compo 
nents. 

Although it Would be possible to provide sWitch housings 
312a,b,c,e in Which repeater modules Were built-in, i.e. Were 
not normally end-user removable, in the embodiment of 
FIG. 8, repeater functionality may be provided With respect 
to a particular sWitch box or chassis 812 by inserting one or 
more high bandWidth repeater modules 842 into openings 
844a, 844b provided in on the front panel 846 of the sWitch 
box 812 and providing appropriate cabling, such as inserting 
a ?rst end of an appropriate cable 848 into an opening 852 
in the repeater module 842. As depicted in FIG. 3A, a 
plurality of repeater modules may be coupled, one to 
another, such as by cables 348a,b,c,e so that the plurality of 
repeater modules 342a,b,c,e can, together, provide the 
desired repeater functionality. As shoWn in FIG. 3A, in one 
embodiment, the repeater modules 342a,b,c,e each have left 
and right cable couplings and are con?gured such that, 
during normal operation, a cable, e.g. 348a, Will couple a 
right coupling 352a of a repeater module in one sWitch 312a 
to a left coupling 352b of a repeater module 342b in a second 
sWitch 312b. In the embodiment depicted in FIG. 8, the 
repeater module 842 is con?gured With a ?ared proximal 
end 1854 Which, on the module 842 is fully inserted (to the 
position 856 depicted, in phantom, in FIG. 8) extends 
outWardly a distance 858 from the front panel 846 of the 
sWitch housing 812. 

In general, it is desirable to be able to con?gure, prefer 
ably automatically, the modules so as to permit full duplex 
communication Whenever feasible, such as When exactly 
tWo modules are coupled but to automatically cause all 
cable-coupled modules to sWitch to half-duplex mode When 
three or more repeater modules are coupled eg as illustrated 
in FIG. 3A. 

In general, it is desirable to con?gure repeater modules to 
assist in preventing, reducing or controlling electromagnetic 
interference (EMI) radiation. In many circumstances, elec 
tromagnetic interference (EMI) can be prevented or reduced 
fully or partially by enclosing components in a substantially 
continuous conductive shell. For example, if the sWitch box 
812 constitutes (or includes) a substantially continuous 
(non-perforated) conductive box or shell, EMI may be 
substantially reduced or eliminated. HoWever, as seen in 
FIG. 8, When a repeater module is installed, the outWardly 
protruding (proximal) portion 858, and particularly the cable 
couplings 852a,b could represent a potential break in con 
tinuity of the sWitch shell (effectively, a “hole” or perfora 
tion to the shell) Which can lead to EMI radiation. 

In the embodiment depicted in FIGS. 5A through 5F, a 
repeater module 512 has an outer casing or shell formed of 
an upper shell member 514 and a mating loWer shell member 
516. As can be seen in FIGS. 6, 7, and 9, the upper and loWer 
shell members 514, 516 enclose a number of components 
including, a heat dissipater/EMI component 522, proximal 
end cable couplers 524a,b, a distal end coupler 526 (for 
coupling, e. g. to a connector in a sWitch device) and a circuit 
board 518 (With a number of components mounted on the 
printed circuit board, including, in the illustrated 
embodiment, an ASIC 519). In pro?le, the modules 512, as 
best seen in FIGS. SD, SE and SF, include a distal portion 
542 having a ?rst thickness 544 ?aring to a proximal portion 
546 having a second, greater thickness 548. The upper and 
loWer shell portions 514, 516 can be formed of a number of 
materials including polycarbonate or thermoplastic materi 
als and plastics, in general, such as by an injection molding 
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8 
process, and can be fabricated so as to have a number of 
different appearances. In one embodiment, substantially all 
visible exterior surfaces of the shell, except for the light pipe 
sideWalls 552a,a' 554a,b and distal portions 556 of the upper 
surface of the light pipe, and a loWer surface label area 558 
(Which are preferably kept polished or smooth) are provided 
With a stippled or etched-like texture (imparting a frosted 
appearance). In one embodiment, the upper and loWer shells 
514, 516 are substantially transparent. In one embodiment, 
the upper shell 514 is substantially clear or colorless and the 
loWer shell 516 has a blue-green color. The upper and loWer 
shell members 514, 516 are preferably coupled together by 
interlocking or latching resilient tabs (not shoWn) and/or a 
coupling member such as a screW 628, although other 
coupling components and procedures can be used such as 
adhesive, ultrasonic Welding and the like. 
The left and right sideWalls de?ne left and right latching 

arms 528a,d. When the module 512 is inserted into the 
sWitch (eg as depicted in FIG. 8) left and right sWitch 
opening edges contact a ramp or cam surface on each arm 
532a,b de?ecting the arms inWardly, eg to the positions 
534a,b depicted, in phantom, in FIG. 5E. After the ramp 
532a,b clears the edge of the sWitch opening, the edge of the 
sWitch opening engages the shoulders 536a,b of the (noW 
relaxed) resilient arms 528a,b preventing removal of the 
module 512. When it is desired to remove the module 512, 
the user grasps the, preferably knurled, handles 538a,b of the 
arms 528a,b moving them inWard, With a pinching motion, 
to the positions 534a,b depicted in FIG. 5E thus releasing the 
edges of the sWitch opening from engagement With the 
shoulders 536a,b and permitting the modules 512 to be 
WithdraWn. 

The distal upper surface of the upper shell 514 includes a 
plurality of perforations 562a through 562j there through, 
providing for communication With the interior of the shell to 
provide air?oW, eg for heat dissipation plurality of open 
ings 582a through 582f on the proximal region of the loWer 
surface (FIG. 5E) also provides for air ?oW through the 
module 512, assisting in heat dissipation. Asecond plurality 
of openings 564a through 564c on the upper surface and a 
corresponding plurality of openings 564c through 564f on 
the loWer surface can also provide an amount of air ?oW that 
additionally accommodate protrusion of (resilient 
conductive) members 566a through 566f there through for 
coupling to sWitch EMI shield members, preferably coupled 
to chassis ground. 

Light pipes 568a, 568b are preferably integrally formed 
(i.e. formed as part of, such as in a single injection-molding 
or similar step) With the upper shell 514. Light pipes 568a,b 
are con?gured to de?ne ?rst and second light-entry surfaces 
572a,b Which are positioned adjacent light emitting diode 
(LED) devices 574a,b (mounted on the circuit board 518) or 
similar light sources. The juxtaposition of light-entry sur 
faces 572b of the light pipe With the LED 574b provides for 
conveyance of the LED light along the light pipe. The light 
emitting diodes are preferably controlled to provide indica 
tions of module functions, operations, status, or states, and 
the light pipes 568a,b act to convey the light from the light 
emitting diodes to a position such that the signals are readily 
visible When the modules 512 are in the normal operating 
positions, such as depicted in FIG. 8, i.e. are readily visible 
When vieWing the front panel of the sWitch of FIG. 8. The 
LEDs can be controlled to provide a number of different 
signals or indications, such as providing constant-on, 
constant-off ?ashing or other patterns, various colors and the 
like. The light signals can be used to indicate, among other 
items, the presence or absence of a proper connection such 
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as a cable connection from one module to another module, 
detection of an improper or unauthorized cable, various 
modes of operation such as full duplex versus half duplex 
operation and the like. 

Light pipes can be con?gured in a number of different 
fashions and using a number of different materials, as Will be 
understood by those of skill in the art of optics. In the 
depicted embodiment, the light pipes 568a,b have a sub 
stantially rectangular cross-section and a substantially arcu 
ate or curved pro?le (e.g. as depicted in FIG. 9). In the 
depicted embodiment, the sideWall surfaces 552a,b, 554a,b 
of the light pipes 568a,b are spaced from adjacent portions 
of the upper shell 514 to de?ne gaps 578a,b,c,d on either 
side of the light pipes. The light pipes are structurally 
supported, and the depicted embodiment only at the front 
edges 586a,b and rear edges 586c. It is also possible to 
construct light pipes in Which some or all portions of the 
light pipes have some lateral connection to the remainder of 
the shell, e.g. as depicted in FIG. 11B. The gaps 578a,b,c,d 
not only de?ne the sideWall surfaces for the light pipes, but 
also provide additional regions for air circulation to assist in 
heat dissipation. The sides 552a,b, 554a,b and light entry 
surface 572a,b of the light pipes are suf?ciently smooth to 
alloW light entry and re?ection Within the light pipe for light 
transmission. Preferably, proximal portions of the upper 
surface 584 the light pipes are stippled or textured to 
promote light transmission (for visibility) from these sur 
faces. 
By providing tWo or more indicator lights, preferably at 

least one light relevant to each port, and preferably situated 
physically adjacent (as depicted, above) each port, inspec 
tion of a rack of sWitches, With repeater modules as 
described herein, can be readily scanned for vieWing opera 
tion of components in a straightforWard and intuitive man 
ner. By molding the light pipe as part of a structural case, the 
use of additional space for accommodating a separate and 
distinct light pipe is avoided, consistent With a preference for 
providing physically small and compact modules. 
Furthermore, by using the structural case to double as the 
light transmission medium for port indication, a relatively 
economical con?guration is achieved. 

In the embodiment depicted in FIG. 6, a solder-tinned 
region 612 is formed on the loWer surface of the PCB 518 
opposite the location (on the PCB upper surface), Where the 
ASIC 518 is mounted. The region 612 is heavily populated 
With vias through the thickness of the PCB 518, providing 
thermal conductivity for the substantial heat generated by 
the ASIC 519 through the PCB to the tinned region 612. The 
metallic underside of the ASIC is preferably directly sol 
dered to the PCB, yielding good thermal contact. Heat 
transported to the tinned region 612 is, in turn, conducted to 
a substantially thermally conductive heat-spreader member 
616. The heat-spreader member 616 is preferably formed of 
a tin-plated copper material for good thermal conductivity. 

The heat spreader 616 includes a ?rst contact surface 618 
siZed and shaped to contact the tinned region 612 to receive 
heat therefrom and conduct the heat throughout the spreader 
body 616 and thus provide the heat over a larger mass and 
surface area for more ef?cient dissipation, e.g. via air?oW 
through thermal vents, e.g. 562, 582, 578. In one 
embodiment, the heat spreader 616 is thermally connected 
the PCB through a 0.005 inch thick Kapton Wafer, 622 
coated With thermally conductive grease. The Kapton Wafer 
622 improves thermal conductivity by helping eliminate air 
voids betWeen the contract region 618 of the spreader 616 
and the PCB 518 and reducing part tolerance effects. 
A screW 624 provides not only grounding property 

betWeen circuitry (preferably connected to chassis ground, 
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10 
e.g. via a lead to the connector 526) on the upper surface of 
the PCB 518 and the thermally and electromagnetically 
conductive spreader 616 but also provides positive pressure 
betWeen the heat spreader 616 and the PCB. More proximal 
regions 626 of the spreader 616 are stepped doWnWardly a 
distance 912, e.g. to provide clearance for components 
mounted on the proximal loWer surface of the circuit board 
518. The heat spreader 616 is preferably electrically con 
ductive and preferably coupled to chassis ground and used 
to form all or part of an EMI shell or shield. In this regard, 
the heat spreader 616 is preferably provided With sideWalls 
628, 632, 634a,b con?gured for coupling to edges of the 
PCB 518 and/or cable connectors 524a, b. In one 
embodiment, sideWalls 628, 632 are coupled to the edge of 
the PCB 512 by soldering. In the depicted embodiment, a 
plurality of perforations 634, 638 in the sideWalls 628, 632 
(FIGS. 6 and 14) assist in the soldering operation by 
thermally isolating thin sections of the spreader part 616 so 
that the isolated sections heat up more quickly and uni 
formly (as compared to a solid part). The heat spreader 616 
preferably contacts the underside of the cable connectors 
524a,b through a conductive elastomeric EMI gasket 712. 
Preferably, by the described soldering of the heat spreader 
and use of the EMI gasket 712, a near-continuous shield is 
created around the front or proximal portion of the module 
512 substantially reducing or eliminating EMI. The distal 
portions 542 of the module 512 are positioned Within the 
chassis of the sWitch (e.g. as depicted in FIG. 8) and, in one 
embodiment, EMI protection devices of the sWitch are 
effective With respect to the distal portions of the module 
512. 
As depicted in FIG. 12, the circuit board 518 provides 

connections such as serial gigabit data connections from the 
ASIC 518 to the ?rst and second cable connectors 524a,b 
and provide serial gigabit data communication 1212 to the 
distal connector 526. The distal connector 526 also provides 
central processing unit interface (CPU IF) signals for com 
municating 520 to the ASIC 519 and poWer signals 
provided, via an AC-DC converter 1232 to both the ASIC 
519 and to a reset circuit 1234. 

As depicted in FIG. 13, the ASIC 519 provides commu 
nication through 3 ports: ?rst and second (half duplex, in 
FIG. 13) communication line 1312a,b (for coupling to the 
cable connectors 524a,b) and a port for communicating 
1212 to the host sWitch (via the distal connector 526). In the 
ASIC 519 a repeater core 1314, With respect to each of the 
?rst tWo ports 1312a,b and the distal port provides commu 
nication via a gigabit port slice 1316a,b,c, a the physical 
coding sublayer (PCS) and a serialiZer/deserialiZer 1322a, 
b,c. An LED control 1324 controls the LED’s 374a,b, e. g. as 
described above. Serial con?guration and management cir 
cuitry 326 communicates With the host via con?guration 
pins 1328. 
Some or all of the features of the present invention can be 

used at least in connection With systems that provide pack 
etiZed data communication, i.e. data in a plurality of data 
groups (Which may also include header information, ?llers 
and the like) of ?nite and/or determinant length. Typically, 
there is a period of time that transpires betWeen transmission 
of any tWo successive data packets. This period is referred 
to as an interpacket gap (IPG). For example, as depicted in 
FIG. 10, a ?rst data packet 1012 terminates at a ?rst time t1 
and the transmission of the next packet 1014 does not begin 
until a later and different time t2. The interpacket gap 1016 
Would thus have a duration equal to t2—t1. In at least some 
communication systems, it is important to assure that the 
IPG is alWays at least a certain minimum duration. In at least 










